Background: There are few prospective studies that relate the development of adult 13 respiratory disease with exposure to occupational asthmagens. 14 Objective: To evaluate the risk of adult onset wheeze (AOW) and obstructive lung function 15 associated with occupational exposures over 50 years. 16
INTRODUCTION 43
Current evidence suggests that 17% of adult-onset asthma (ERS 2013) and up to 20% (50% 44 among never smokers) of chronic obstructive pulmonary disease (COPD) (Sigsgaard et al. 45 2010) can be attributed to work-related exposure. Although the prevalence of asthma in some 46 westernised countries appears to be falling (Asher and Pearce 2014) , the individual and 47 societal burden of asthma remains high. Moreover the worldwide prevalence of asthma and 48 COPD is rising (Anandan et al. 2010; GOLD 2014) , and therefore the search for preventable 49 environmental risk factors remains important. 50
51
Studies have shown certain occupational sensitisers to be associated with an increased risk of 52 asthma, e.g. isocyanates, latex (Bakerly et al. 2008 ), the role of irritant exposures in asthma 53 aetiology is less well established (Brooks and Bernstein, 2011) . Most evidence for the 54 association between occupational exposure and respiratory symptoms, ventilatory function 55 impairment and decline comes either from studies that examine specific exposures within 56 single industries or occupational settings (Shi et al. 2010) or from general population cross-57 sectional (Le Moual et al. 2004 ; Humerfelt et al. 1993 ) and case-control (Wang et al. 2010 ) 58 studies. Such studies have inherent weaknesses, including healthy worker effect, self-59 selection in job choice, case/control selection bias and the issue of generalisability, which 60 may also preclude causal inference. Another weakness of epidemiological studies is their 61 inability to accurately ascribe exposure measures. A few studies have prospectively examined 62 associations with exposure to specific occupational substances in population-based cohorts, 63 but with relatively short follow-up periods (Lillienberg et al. 2013; Humerfelt et al. 1993 ; 64 Mehta et al. 2012) . 65 5 The Aberdeen population-based WHEASE (What Happens Eventually to Asthmatic children: 67
Sociologically and Epidemiologically) cohort study of children recruited in 1964 (Dawson et 68 al. 1969 ) at age 10-15 years and followed up until 2014 (age 58-64 years) (Tagiyeva et al. 69 2015) provides a rare opportunity to investigate the effects of lifetime occupational exposures 70 on respiratory morbidity in later life. 71
72
The aim of the current study was to investigate, in a community-based setting, whether 73 occupational exposures to known asthmagens, assessed by job exposure matrix (JEM), were 74 related to the development of adult onset wheeze (AOW), spirometry-defined airflow 75 obstruction, or impaired ventilatory function at age 58-64 years and to longitudinal changes in 76 ventilatory function over 25-year follow up among those who did not have wheezing illness 77 as children. 78 79 80
MATERIALS AND METHODS 81

Subjects 82
In 1964, the British Medical Research Council Medical Sociology Research Unit conducted a 83 random community survey of all children attending primary school in the city of Aberdeen, 84
Scotland in 1962 and still resident in Aberdeen at the time of selection. A 1-in-5 random 85 sample was selected totalling 2,743 of whom 2,511 were interviewed at home with their 86 parents. Amongst the 2,511 children aged 10-15 years interviewed, 288 were reported as 87 having had wheeze and 2,223 as having no respiratory symptoms. In a further study in 1964, 88 those children who had wheezed were examined by a paediatrician, and 121 were classified 89 as having asthma and 167 as having wheeze in the presence of upper respiratory tract 90 infection (then termed wheezy bronchitis) (Dawson et al. 1969 dyes, solder/flux, food-related asthmagens, wood dust, animal dust, enzyme products, 137 flour/grains dust, and isocyanates, was assessed by two UK-based occupational hygienists 138 based on the usual workplace environment in the UK during the 1990s while accounting for 139 hazard controls that were commonly in place. This allowed for semi-quantitative evaluation 140 (high, medium, low, zero) of intensity of exposure. This procedure is detailed in Tagiyeva et  141 al (2010) . Exposure to recognised occupational asthmagens was estimated by assigning an 142 asthma-specific JEM to each 353 four-digit SOC2000 code. As occupational exposure data 143 approximate to log-normal distribution, use of lognormal models for analysing workplace 144 pollutant data is well established (Krishnamoorthy et al 2006) . In the current study for each 145 subject, the cumulative index of lifetime exposure was estimated by multiplying a logarithmic 146 scale of exposure intensity by the number of years of exposure. Logarithmic values of 1, 3 147 and 10 were used to represent the difference in assessed exposure categories of low, medium 148 and high based on subjective assessment of the level of past exposure from airborne 149 hazardous substances (Cherrie and Schneider 1999) . Exposures of interest were categorised as ever exposed versus never exposed and further 168 categorised high, medium, low and zero exposure, latter to ascertain if degree/intensity of 169 exposure had a different association with outcome. High, medium and low categories were 170 generated using tertiles of cumulative indices of lifetime exposure. Exposures of interest in 171 the longest and current/last held jobs were examined in separate models. 172 173 Demographic characteristics were described using number and percentage if categorical 174 variables or mean (standard deviation) if continuous (as normally distributed). Normality was 175 assessed by skewness and kurtosis tests and histograms. Univariate comparisons of binary 176 exposure (biocides/fungicides, glues/resins, latex, solder/flux, food-related asthmagens, wood 177 dust, animal dust) with binary outcomes (AOW, FEV1 < LLN, FEV1/FVC < 0.7) were carried 178 out using Chi-squared tests. For continuous outcomes (FEV1, FVC, FEF25%-75%) independent 179 samples t-tests were used to assess differences in outcome between the exposure groups. 
RESULTS 210
Of the 239 WHEASE participants assessed in 2014 with no history of childhood wheezing 211 illness, occupational history was available for 237; of these 15% reported a diagnosis of 212 asthma and 6% a diagnosis of COPD. Approximately 8% of the cohort had FEV1<LLN and 213 39% had FEV1/FVC<0.7. Characteristics of subjects who reported AOW and those who had 214 never reported wheeze are detailed in 
3.1.Exposure to occupational asthmagens 225
All study participants had between one and six different jobs in their lifetime (median 2, IQR 226 2-3). Most commonly reported occupations were storage and goods handling occupations, 227 van drivers and maintenance managers among men and cleaning, general office workers, and 228 sales assistants among women. Occupations in the WHEASE cohort categorised by exposure 229 to at least one asthmagen and to 11 major occupational asthmagen groups by the intensity of 230 exposure are presented in Table S1 , Supplemental Material. While most occupations were not 231 associated with any asthmagen exposures, others were characterised by multiple exposures 232 patterns. 233
234
The lifetime occupational exposure to each specific asthmagen is presented in Table 3 and 235 Figure 1 . Two thirds of the participants were exposed to at least one asthmagen over their 236 14 occupational asthmagens. Biocides/fungicides were the most common asthmagens (49% 238 exposed), followed by glues/resins, latex and dyes. Using an index of cumulative exposure, 239 which accounted for both, exposure duration and estimated intensity, the highest exposures 240 were found for wood dust and latex (Table 3) In univariate analyses, no difference in the prevalence of respiratory outcomes was found 253 with exposure to any of dyes (n exposed=75), enzyme products (n=28), flour/grain dust 254 (n=26), and isocyanates (n=22). With other asthmagens, the prevalence of all outcomes was 255 higher in the exposed compared to non-exposed (Supplemental Material, Table S2 ). 256 Consistent upward trends in the prevalence of AOW, diagnosed COPD, FEV1<LLN and 257 FEV1/FVC<0.7 were observed among those exposed to food-related asthmagens and to 258 biocides/fungicides, and in the prevalence of AOW and FEV1/FVC<0.7 among those exposed 259 to wood dust. 260
261
Compared to non-exposed those exposed to food-related asthmagens had reduced FEV1, FVC 262 and FEF25-75% (p<0.01). A similar trend for FEV1, and FEF25-75% (p<0.05) was observed with 263 exposure to biocides/fungicides (Supplemental Material, Table S3 ). AOW, COPD, and 264 reduced FEV1 were also more common with exposure to a greater number of asthmagens in 265 the workplace (Supplemental Material, Table S4 ). 266 267 Table 4 presents the results of adjusted logistic and linear regression models of the 268 relationship between the outcomes and the number of occupational pollutants and exposure 269 ever to specific asthmagens. Exposure to a greater number of asthmagens was associated with 270 a higher likelihood of having AOW, with occupational exposure to more than four 271 asthmagens being associated with three times increased risk of AOW (Table 4) . No 272 association was found between total number of asthmagens and spirometric outcomes. 273
Occupational exposure to glues, latex, solder was also associated with increased risk of 274 AOW, but not spirometric indices. Occupational exposure to food-related asthmagens was 275 associated with increased likelihood of AOW, FEV1<LLN, and reduced FEV1, FVC and 276 FEF25-75%, whereas exposure to wood dust was associated with increased likelihood of AOW, 277 FEV1/FVC<0.7, and reduced FEF25-75%, and exposure to biocides/fungicides was associated 278 with increased likelihood of AOW and FEV1<LLN ( Table 6 . When compared to those not exposed, 314 participants exposed to any asthmagen, biocides/fungicides or food-related asthmagens lost 315 an additional 6-8ml per year in FEV1. 316 317 Table 6 . Changes in FEV1 in WHEASE cohort between 1989 and 2014 in relation to 318 exposure ever to selected asthmagens, linear mixed effects modelling adjusted for sex, age, 319 smoking, educational qualifications, n cases 236*, n records analysed 663 320
Asthmagen, n exposed Difference in decline in exposed vs non-exposed, severe COPD was not possible in the current study due to a small number of subjects. An 371 alternative explanation for the disparity between the associations with FEV1 and FEV1/FVC is 372 that exposure to food-related asthmagens is that such exposures may induce conditions with a 373 restrictive component, this would be consistent with our finding of an association between 374 exposure to food-related asthmagens and FVC. The only population-based study to our 375 knowledge that also examined occupational exposure to wood dust in relation to lung25 function failed to find the association with spirometric airflow obstruction (Bakke et al. 1991 ) 377 found in the current study. 378
379
No association was found between AOW or lung function and enzyme products, flour/grain 380 dusts or isocyanates, recognised causes of occupational asthma (Ghosh et al. 2013 ; 381 Lillienberg et al. 2013) . This is probably due to the small numbers exposed to these 382 asthmagens in the WHEASE cohort (the lowest prevalence, <12%). A much larger study 383 with 13284 participants (Lillienberg et al. 2013 ) also suffered from insufficient statistical 384 power and had to merge subjects with similar exposures to find association with "plant 385 antigens", including flour. Similar to others, the current study found no interaction of 386 occupational exposure with smoking (de Jong et al. 2014) . 387
388
The current study found no association between exposure to any occupational asthmagen and 389 AOW or impaired lung function, although the trend was positive. This may reflect the fact 390 that the study was underpowered to detect small differences. On the other hand others have 391 also shown a higher magnitude and strength of the association with occupational exposure to 392 specific rather than any asthmagen (Le Moual et al. 2004) . 393
394
In the current study AOW and reduced FEV1 were associated with exposure to a greater 395 number of asthmagens individuals had worked with over their lifetime. A significant dose-396 effect relationship between the number of occupational agents (dusts, gases, vapours and 397 fumes) to which subjects were exposed and decline in FEV1 has been reported by others 398 (Humerfelt et al. 1993 ). On the other hand, a higher number of workplace asthmagens, may 399 be an indicator of higher concentrations of exposure, as workplaces using more chemicals 400 The main limitation of this study was the small sample size and limited number of subjects 477 exposed to specific asthmagens. This led to wide confidence intervals that may have 478 precluded the detection of significant associations between certain exposures and outcomes. 479
Also, due to a small number of subjects, sensitivity or stratified analyses could not been 480 carried out to examine the effect by sex or smoking status. A further limitation was that the reflected by the fact that a 33% of those exposed to food-related asthmagens in this study 507
were at some point employed in the fishing industry as fish packers, filleters, fishermen or 508 fish and chip shop workers while 25% were employed in the meat processing industry as 509 butchers or meat factory workers. In other UK (Ghosh et al. 2013 ) and international studies 510 (Wang et al. 2010 ) low numbers of those exposed to fish/shellfish precluded analysis of the 511 association. In contrast, in the West Midlands isocyanates were the main cause responsible 512 for 21% of occupational asthma (Bakerly et al. 2008 ), but the least common exposure in this 513 study (11.6% exposed among AOW). Therefore the findings of this study in relation to 514 occupational exposures may not be widely generalisable but will be representative of 515 occupants of similar areas in terms of the job market profile. 516 517
CONCLUSIONS 518
In conclusion, our study lends support to the association between occupational exposures to 519 known asthmagens and adult-onset wheeze. In addition we identified exposure to food-520 related asthmagens, biocides/fungicides and wood dust, as risk factors for impaired lung 521 function and accelerated lung function decline in those without preceding childhood 522 wheezing illness. The demonstration of amenable to intervention, occupational risk factors 523 for lung function impairment and accelerated decline pose the important implications for 524 occupational interventions and policies. Due to low number of subjects in some exposure and 525 outcome categories results, however, should be interpreted with caution and need to be 526 replicated in a larger prospective study of a general population. Future studies should also 527 focus on identifying and characterising specific food allergens which are responsible for the 528 associations found in the current study. 529
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